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Abstract 

The magnetic properties of pure transition-like metals are discussed within the single site approximation, to take into account the 
electron correlation. The metal is described by two hybridized bands one of which includes the Coulomb correlation. Our results 
indicate that ferromagnetism follows from adequate values of the correlation and hybridization. 
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1. Introduction 

The coherent potential approximation (CPA) has been 
largely used to provide a simple single site description of dis- 
ordered alloys [?H]. Another application of CPA procedures 
is the description of pure metals in presence of electron- 
electron correlations [2]. In this formulation, one describes 
the correlated electron by a spin and energy dependent ef- 
fective self-energy which incorporates the effects of correla- 
tion. This self-energy is self-consistently determined by im- 
posing the vanishing of the scattering T matrix associated 
to a given site which exhibits the full Coulomb interaction. 

In our model, the metal has two non-degenerate bands, a 
and 6. The first is a Hubbard-like narrow band with in-site 
interaction U, hybridized with the second one, 6, a broader 
band. The Hamiltonian we adopt to describe pure metals 
is then 



H = E eQfl - a - + E *tf a £a*r + E W 6 * 
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52(V ab b+a j( , + V b + a afb j(7 ) 



hJ,<? 



where nf a = a^a^ ; a denotes spin, ty denotes the tun- 
neling amplitudes between neighboring sites i and j , in 
each band; e a is the center of the a-band. We follow Roth's 



approach [5] to describe the electron-electron correlation 
through an effective Hamiltonian 

n -ff = E e V CT <^ + E + E W^i* ( 2 ) 

+ 5>C£ CT + Un^n a ol + Y^(V ab bta jl7 + h.c.) 

-E n o a .s CT , 

a 

where E" 7 is the self-energy associated with electron- 
electron interaction. We recall that the main spirit of the 
method consists in replacing a tranlationally invariant 
problem, as defined by {T]), by the alloy problem, defined 
by @, where only the origin incorporates the Coulomb 
interaction. The effective Hamiltonian ||2J| still includes the 
difficulty of dealing with the Coulomb intra-atomic term 
at the origin and we have to resort to some approximation. 

In the Green's function method[?,?], the equation of mo- 
tion of a given Green's function generates higher order func- 
tions and we thus need a decoupling procedure. After some 
algebra[3] we end up with the following Green's functions: 
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E CT (w)' 
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the Green's function of the bare b band, 
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and the Green's function of the rcnormalized b band 



(4) 



GlkrH = G b 0tk Aw)+G"Aw)VGl k Jw)VG b 0M (w).(5) 



In these equations 

£ t- — e fc 1 T: 
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is the recursion relation of the renormalized a band; e k and 
Cf. denote the bare bands. The vanishing of the T-matrix 
gives a self-consistent equation for the self-energy: 



E CT = U < ng_ 



> +(U- E CT )F <T (w,S ff )E° 



with 
F° = 



k 
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(7) 
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This is equivalent to an alloy analogy approximation, where 
the broadening correction [3] has been neglected. 

Our self-consistent numerical results can describe a tran- 
sition metal of the iron group (then a = d and b = s) or 
some f electron compounds (a = f and b = s,p,d). 

In fig([T]) we present the density of states (DOS) of the 
a-band for U — 4 and V = 0.3. In same units, the bare 
a band width is W = 2. The Fermi level is at ef = 0.45. 
This gives n? = 0.475 and n? = 0.390 and thus a ferro- 
magnetic moment of m a — 0.085 is developed. The DOS 
here obtained exhibits a bimodal structure caracterizing a 
Hubbard strongly correlated regime. 

In fig ([2]) the real part of S CT is displayed for U = 4 and 
V = 0.3. Yj a is a smooth funcion of energy and for this U 
differs considerably from the constant Hartree-Fock values 
(E T = 1.56, E-L = 1.90). 
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Fig. 2. Real part of the self-energy for up and down spins for (7 = 4 
and V = 0.3. 

corrections tend to reduce the range of validity of that 
ground state [6]. In this paper, using the single site approx- 
imation, we obtain ferromagnetic solution for a set of pa- 
rameters (e.g. U/W = 2 and V/W — 0.15). A more com- 
plete study bringing up the interplay between U and V will 
be published elsewhere. 
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Fig. 1. Density of statcs(DOS) of the a-band, up and down, for U = 4 
and V = 0.3. The Fermi level is at e F = 0.45. As a result = 0.475 
and = 0.390, giving a ferromagnetic moment m = 0.085. The 
separation of the centers of the two subbands is U, as expected. 



2. Summary 

The traditional view of the origin of ferromagnetism in 
metals has been under intense scrutiny recently [516] ). Con- 
ventional mean-field calculations favor ferromagnetism but 



